not be applicable to low-to-middle income countries settings due to differences in provider availability, training, infrastructure, and resources. Rather, guidelines for low-to-middle income countries settings are best developed or adapted for the local environment, led by local practitioners based on that environment's culture, clinical needs, and constraints. In many low-to-middle income countries, there are no practice guidelines and little focus on developing a culture of patient safety. 10 This report chronicles a partnership that evolved after an invited exploratory site visit to the Republic of Armenia in 2006. Initially, the aim was to understand and update obstetric anesthesia practices; however, the partnership culminated in the development of national obstetric anesthesia practice guidelines, the first guidelines in any field of medicine in Armenia, with the potential to serve as a guide to other low-to-middle income countries.
Materials and Methods
In September 2006, members of the Armenian Society of Anaesthesiologists and Intensive Care Specialists invited physicians representing Kybele, Inc. (Lewisville, North Carolina) to conduct training in the use of neuraxial anesthesia techniques for obstetric patients. Kybele is a 501(c)(3) humanitarian organization dedicated to improving childbirth standards worldwide through collaborative partnerships (http://www. kybeleworldwide.org). The Armenian Society of Anaesthesiologists and Intensive Care Specialists organized a 2-day national conference for 150 local anesthesiologists, neonatologists, and obstetricians in the capital city of Yerevan. This was followed by Kybele team members visiting seven hospitals in Yerevan to observe obstetric anesthesia practices and to demonstrate neuraxial anesthesia techniques. Yerevan is the capital and largest city of Armenia, accounting for approximately one third of the country's three million inhabitants. A survey was conducted in 2006 to determine baseline obstetric anesthesia practices among the 10 maternity hospitals in Yerevan.
In 2007, a local anesthesiologist was sponsored by Kybele to attend the thirty-ninth annual meeting of the Society for Obstetric Anesthesia and Perinatology in Banff, Canada, followed by a 2-week observational visit to BC Women's Hospital in Vancouver, British Columbia. In November 2007, a member of Kybele revisited Armenia, and in 2009 the sponsored Armenian anesthesiologist organized a local course for the obstetric anesthesiologists in Yerevan on obstetric neuraxial anesthesia techniques. In addition, in 2009, the Armenian Society of Anaesthesiologists and Intensive Care Specialists submitted a proposal to Kybele requesting assistance with the development and execution of national protocols and guidelines for obstetric anesthesia. Their goal was to have all maternity hospitals in Armenia practicing to the same minimum standard. Kybele thus committed to conducting additional annual training visits throughout the country from 2010 to 2015 to gain an understanding of the local conditions and to enhance guideline development and execution through visitation, coaching, and mentoring.
The structure for each training visit included a 1-to 2-day national conference in Yerevan and 2-to 5-day site visits by the Kybele team to participating hospitals. Lecture topics for the conference were determined mutually, and slide sets were sent in advance for translation into the local language. Topics included neuraxial analgesia for labor, anesthesia for cesarean delivery, complications of neuraxial anesthesia, safety in obstetric anesthesia, treatment of sepsis, simulation training, management of obstetric emergencies, trauma in the obstetric patient, and newborn resuscitation. Local anesthesiologists arranged television and newspaper interviews regarding the collaboration to coincide with each visit to generate public interest. The site visits initially focused on Yerevan hospitals to further promote obstetric neuraxial anesthesia use and to ensure safe standards of care. Anesthesiologists in Yerevan then targeted colleagues working in hospitals across other regions of the country and themselves became part of the visiting team. Visiting teams consisted of a local anesthesiologist, a Kybele team leader, and two to three multidisciplinary Kybele team members, ideally an anesthesiologist, obstetrician, and a neonatologist. Within each host institution, visiting Kybele physicians observed and discussed local practices, provided didactic and bedside education, and conducted demonstrations of desired techniques. Demonstrations on labor analgesia were not conducted outside the capital city because most of the hospitals visited had only one anesthesiologist, making the sustained use of neuraxial labor analgesia impractical. This was done with permission from the Ministry of Health, the Armenian Society of Anaesthesiologists and Intensive Care Specialists, and the host institutions. Before anesthesia, patients were informed of the risks and benefits of neuraxial and/or general anesthesia in their native language, and verbal consent was obtained. These discussions were based on the generally accepted risks in standard anesthesia textbooks as there were no data available specific to Armenia.
Each Armenian hospital recorded data on the annual number of deliveries, cesarean deliveries, the number of neuraxial and general anesthetics, and the number of epidural catheters for labor analgesia. These data, collated by the Armenian Society of Anaesthesiologists and Intensive Care Specialists, were analyzed with the Fisher exact or chisquare test (Excel; Microsoft Corporation, USA) to assess differences in the patterns of general and neuraxial anesthesia use for cesarean delivery and labor analgesia over time in concurrence with the program. P < 0.05 was considered statistically significant. No patient-level data were collected, so the initiative was exempt from institutional review board approval. The Armenian Health Ministry (Yerevan, Armenia) granted permission for training and assessment.
Results
From 2006 to 2015, Kybele made six visits to Armenia involving 51 multinational trainers, 10 of whom made multiple trips. Figure 1 shows a map of the country indicating the regions visited. Overall, 21 hospitals were assessed in 14 cities. Table 1 provides details of each trip and locations visited.
Yerevan
Ten hospitals in the capital city provide obstetric care, accounting for approximately 50% of the country's annual registered births. 11 The annual number of deliveries and cesarean delivery rates for these hospitals are shown in table 2. In the initial 2006 survey, eight responding hospitals accounted for 14,172 deliveries, or 41% of all deliveries registered in Armenia. 12 These hospitals reported that general anesthesia was used for nearly 80% of cesarean deliveries. Only one center used neuraxial anesthesia to a significant degree (greater than 50%) ( fig. 2) . For labor analgesia, only 3% of laboring patients received neuraxial analgesia, 1% intravenous opioids, and 96% received no analgesia. 12 In Yerevan, there has been a significant increase in the use of neuraxial anesthesia for cesarean delivery in every hospital when 2015 is compared with the 2006 baseline year (P < 0.0001) ( fig. 2) . By 2015, all 10 maternity hospitals in the capital city were using neuraxial anesthesia at rates greater than 50%. Averaging neuraxial anesthesia rates for cesarean 
Armenian Regions
In 2012, the focus of the program shifted outward from the capital city to encompass various regions across Armenia and the Nagorno-Karabakh Republic (table 1; fig. 1 ). Hospitals outside the capital city generally conduct fewer than 1,500 deliveries per year and have lower rates of cesarean delivery. From 2012 to 2015, external teams visited 13 hospitals ). Data were collected for five hospitals that had one or more visits by the external mentoring team compared with five hospitals that were not visited. Hospitals visited conducted more deliveries per year on average (700 vs. 400) and had greater cesarean delivery rates (24 vs. 16%) than hospitals that were not visited. Neuraxial anesthesia use increased in all 10 hospitals over time; however, it was greater in hospitals visited compared with those not visited (P < 0.0001). Hospitals that were visited had lower initial average rates of neuraxial anesthesia use (2011; 2 vs. 23%); however, this increased the most over time (2015; 94 vs. 84%). Epidural labor analgesia was not used outside the capital city.
National Practice Guidelines
During the intervention period, Kybele assisted Armenian anesthesiologists in drafting national guidelines on the standards of obstetric anesthesia care. The process took several years to complete. Initially, published international guidelines and protocols of obstetric anesthesia were obtained, translated, and reviewed. An eight-member working group was organized among members of the Armenian Society of Anaesthesiologists and Intensive Care Specialists and chairs of various anesthesia departments. Committee meetings were held weekly or biweekly to develop evidence-based guidelines specific to local practices and needs. In March 2014, an initial draft was distributed to 100 members within the society, requesting comments and suggestions to be reviewed by the committee. The completed guidelines were then presented at the September 2014 Armenian Society of Anaesthesiologists and Intensive Care Specialists national obstetric anesthesia conference for discussion and implementation. Although some anesthesiologists were reluctant to incorporate the guidelines, others expressed gratitude for having prescriptive protocols. Consensus of the necessity of the guidelines was achieved by the end of the conference. 
Obstetric Anesthesia in Armenia
Members of the Armenian Society of Anaesthesiologists and Intensive Care Specialists met with key members of the Health Ministry for consideration of approval. Kybele representatives were present at some of the meetings. A series of five sessions were held and included the Health Minister, Vice Minister, and Head of Foreign Affairs. The approval process was expedited by working directly with the top officials. After negotiation and revision, the Ministry of Health approved these in February 2015, signifying the first national guidelines in Armenia for any field of medicine. Two hundred sets of guidelines have been printed in booklet form and distributed across Armenia. The Ministry of Health has recommended that every obstetric unit in Armenia should follow the guidelines and is encouraging the development of guidelines in other fields of medicine. 13 
Discussion
General anesthesia was the most commonly used anesthetic for cesarean delivery in Armenia before this obstetric anesthesia training program. Over the course of a multiyear educational collaboration, Armenian anesthesiologists increased the use of neuraxial anesthesia for cesarean delivery, both within and outside the capital city, increased the use of epidural labor analgesia within Yerevan, and established national obstetric anesthesia practice guidelines.
These results underscore the impact a partnership between anesthesiologists from high-income countries and low-to-middle income countries can have in providing education, training, and staff development to address service delivery and health system gaps. This view is corroborated by several recent publications showing that high-level international partnerships can have an impact in improving medical practices and supply chain resources and reducing mortality. [14] [15] [16] [17] Yet, a recent editorial indicated a lack of publications addressing the needs and realities of providing safe anesthesia care in low-resource settings. 1 It postulated that the work is either not being done or few high-income countries' anesthesiologists are analyzing their programs and publishing their results. 1 Anesthesia care in low-to-middle income countries is associated with greater than expected perioperative mortality rates, especially with general anesthesia and intubation, in both obstetric and nonobstetric procedures. [18] [19] [20] In many settings, not only are there insufficient anesthesia providers but also a shocking lack of resources such as oxygen, pulse oximeters, and other resuscitation equipment. 3 A report by Médecins Sans Frontières spanning 6 yr and more than 75,000 surgeries in 12 low-resource countries found that spinal anesthesia was the most commonly used anesthetic technique and was associated with a significantly lower risk of death than was general anesthesia with intubation. 20 In this study, obstetrics, gynecology, and urology comprised 45% of the surgeries conducted. The authors concluded that the popularity of spinal anesthesia was likely due to its safety profile, efficacy in providing surgical anesthesia, and fewer equipment requirements as patients don't need airway manipulation or ventilator support. 19 Similarly, a recent meta-analysis including 632,556 pregnancies found that general anesthesia tripled the odds of maternal death during obstetric surgery compared with neuraxial anesthesia in lowto-middle income countries. 20 Unlike many high-income countries, many low-to-middle income countries have not made the transition from general to spinal anesthesia for cesarean delivery. 21 Anesthesia practices in Armenia have not been reported previously; however, observations made by the visiting medical team support the notion of greater risk with the use of general anesthesia for cesarean delivery. Patients undergoing cesarean delivery with general anesthesia were observed to be insufficiently anesthetized, and Armenian anesthesiologists corroborated occurrences of patient awareness. Local providers did not consistently confirm tracheal tube placement, secure the tracheal tube to the patient's mandible, or use monitors that were available. Not infrequently, providers left the operating room with the patient unattended under general anesthesia. Certainly, under these conditions, arguments can be made that neuraxial anesthesia could confer a greater margin of safety. At least a patient could generally serve as her own monitor by verbalizing discomfort and alertness that would support hemodynamic stability. Notwithstanding, however, lapses with neuraxial techniques also were observed, such as central nerve blockade conducted without the use of gloves or at inappropriately high interspace levels. Unfortunately, data on anesthesia-related complications and the impact on maternal outcomes over the course of the program are not available.
Much of the knowledge regarding medical practices in former Soviet countries is derived from the accounts of visitors. 16, 22, 23 Scientific methodology and access to medical journals were limited, and rigid policies often were dictated from central authorities, contributing to the delivery of outdated or unsupported medical care. 22, 24 There are published reports of other unfounded medical practices placing patients at unnecessary risk, such as the use of cesarean delivery for myopia. 16, 24 Evidence-based medicine is a new concept in many low-to-middle income countries, and awareness of these factors is important in conducting educational programs. Global health partnerships should reinforce contemporary evidence-based maternal and newborn care standards that can be implemented and sustained by local physicians. After a multiyear program that had contact with anesthesiologists serving more than half the population of Armenia, through the arena of conferences and hospital visits, and visibility in local media, significant increases in the rates of neuraxial techniques for cesarean delivery have been shown in the capital city and across several regions of the country. It is encouraging that when the focus of the program shifted outside the capital city in 2012, neuraxial anesthesia in Yerevan continued to increase despite no further visits to those hospitals. The program empowered local physicians to review the literature and develop appropriate evidence-based protocols that fit the local context and available resources. The Armenian Society of Anaesthesiologists and Intensive Care Specialists drafted national practice guidelines on the standards of obstetric anesthesia care with approval by the Ministry of Health. This signifies the first national guidelines in medicine in Armenia.
Finally, this project extends knowledge of obstetric anesthesia practices in a country that was unavailable previously. The network established across the country also led to collaboration with Lifebox (London, United Kingdom) to introduce the World Health Organization safe surgical checklist and increase the availability of pulse oximetry. It also demonstrates how the opportunity now exists to expand the role of the anesthesiologist in providing global patient safety during surgery. 10 Although many anesthesia providers in high-income countries would say we should strive to improve anesthesia standards of care in low-tomiddle income countries, such that every patient can receive care similar to patients in high-income countries, 1 each country ultimately must decide how to instill patient safety into the practice of anesthesiology. Although partnerships may provide guidance, practitioners and health ministries within each country must determine patient safety solutions that fit within their own realm of resources and culture.
